Introduction
The application of bioactive molecules to be employed as recognition elements in biosensors has stimulated researchers to develop new methods to their deposition on the solid surfaces, particularly, on gold. [1] [2] [3] However, electrostatic physisorption of biomolecules (for example, cytochrome c ) onto planar gold surface is not effective and has been shown to result in drastic changes in its conformation and often in denaturation of protein. [4, 5] Surface functionalization using a self-assembled monolayer (SAM) is of great importance for engineering biosensor devices, which use electrical current or UV-Vis absorption involving protein mediation. [6] It plays a key role because of shedding absorbed biomolecules from the excessive electron density of the metal and binds targeting proteins through the establishment of complementary intermolecular interactions. Cytochrome c and catalase have arrays of amino groups in its three-dimensional structure making these regions positively charged at neutral pH. In this sense, new thiacalixcrown derivatives containing anchoring groups on lower rim were synthesized and their ability to form monolayers with cytochrome c and catalase on water and gold surfaces was investigated.
Experimental

Materials and Analytical Measurements
Potassium thioacetate and hydrazine monohydrate were purchased from Acros and used as received. Solvents were purified according to known procedures. [7] Compounds 1a-f, 2b and 5 were synthesized as in [8, 9] , correspondingly. Their constants were consistent with those published in [8, 9] . All reactions were performed in argon atmosphere. NMR spectra were recorded on Bruker Avance-400 ( 1 H) and 600 ( 13 C and 2D experiments) spectrometers relative to the signals of residual protons of deuterated solvents (CDCl 3 ). Bruker Vector 22 Fourier spectrometer was used to record IR spectra in the wavenumber range of 400-4000 cm -1 in KBr pellets or nujol. MALDI TOF mass spectra were recorded from the solutions of substances on a Bruker Ultraflex III mass-spectrometer in the concentration range of 10 -3 -10 -5 M (matrices are p-nitroaniline (p-NA) and 2,5-dihydroxybenzoic acid (DHB)). Elemental analysis was performed on a CHN-analyzer via combustion of sample; melting point was measured on a Boetius compact heating table. Numbering of carbon atoms for compounds 3 and 6 is given in Figure 1 and Scheme 4, respectively.
Langmuir film experiments were provided with Nima LB Deposition Trough 112D (KSV Nima, Sweden) system using deionized water (resistivity >18 MΩ cm, Simplicity, Millipore Inc.) with 5.5 pH at 20±1 o C. For registration of the surface pressure-area (π-A) isotherms the Wilhelmy plate method was used. Spreading time and compression speed were chosen to provide as low hysteresis of the films as possible. Compression of the film was provided in continuous mode at a speed rate 60 cm 
⋅min
-1 by two symmetric frames. Spreading solutions were prepared by dissolving the appropriate amount of 2f in chloroform at a concentration 0.5 mg⋅ml -1 . 10 μL of this solution were spread on the aqueous subphase with a microsyringe in several stages; 30-40 min was allowed for evaporation of the solvent and equilibration of the amphiphiles on the interface. 1.05•10 -8 mol of 2f was spread on the subphase surface. Langmuir-Schaefer [10] technique was used to deposit monolayers on gold substrate at a surface tension π = 30 mN⋅m -1 . The transferred films were rinsed by deionized water and then were dried in vacuum during 8 hours.
Visualization of the film of compound 2f was made according to atomic force microscopy with the use of a MultiMode V ("Veeco") scanning probe microscope. The samples were transferred to gold surface that was sprayed on crystal silica ("Aldrich"). Gold surface was initially degreased with alcohol and washed with deionized water overnight. The plates were dried at 130 0 С for 3 h. Weight concentrations of catalase and cytochrome c in water subphase are 0.01 g/L.
5, 11, 17, 8, 14, [4] arene-monocrown-3 (7) . 0.24 g (0.24 mmol) of thiacalixcrown 3 and 0.11 g (0.96 mmol) of potassium thioacetate were stirred in 10 mL of DMF for 3 h at 90 0 С. 10 mL of water were added to a cooled mixture and residue was extracted with 30 mL chloroform and washed with water (10 mL); organic phase was dried over MgSO 4 and solvent was removed under vacuum. Methanol was added to residue (5 mL [4] arene-monocrown-3 (4) . Thiacalixcrown 2a (0.10 g, 0.10 mmol) and 10 mL of hydrazine hydrate were stirred for 30 h at 110 0 С. Precipitate was filtered; washed with 10 mL of 0.1 N HCl and water (15 mL) to neutral reaction, and 10 mL of methanol; and dried to give compound 6 (0.069 g, 87 %), m. General procedure of synthesis of thioacetates 4-6. In a 15-mL round-bottom flask, thiacalixcrowns 1 (0.54 mmol) and 0.12 g of potassium thioacetate (1.07 mmol) were suspended in 10 mL of DMF and heated at stirring with reflux condenser; at 80 0 С suspension became light-yellow. The mixture was heated for 3 h at 90 0 С (progress of reaction was monitored by TLC in hexane:ethyl acetate = 9:1 eluent). The reaction mixture was removed from solvent and residue was treated with methanol (10 mL) to give the precipitate, which was further filtered. 
Results and Discussion
Thiacalix [4] arene in 1,3-alternate configuration (Scheme 1) is a very promising molecular platform for the design of new types of nanosized conjugates [8, 9, [11] [12] [13] consist of structural moieties with different properties. In this publication thiacalixarenes 2 which combine together recognition and anchoring functions is described.
Scheme 1.
Well known that crown ethers form with ammonium group very stable host-guest complexes based on the N-H⋅⋅⋅O hydrogen-bond interactions. [14] [15] [16] On other hand, gold surfaces have a high affinity for sulfur containing compounds: thiols (RSH), sulfides (R 2 S), disulfides (R 2 S 2 ), and thioacetates (RSC(O)R). [17] [18] [19] For these reasons, thiacalixarene derivatives (Scheme 1) containing crown-ether fragment for the binding of positively charged parts of biomolecules, on one side of macrocycle, and anchoring thioacetate groups for the immobilization on a solid substrate, on other side, has been designed. Thioaceto-substituted monocrowns 2a-f were obtained from bromo-substituted derivatives 1a-f [9] using the stoichiometric thiacalixarene-to-potassium thioacetate ratio of 1:2 (Scheme 2) with high yields (80-90 %) according to the method that was developed by us earlier for tetrasubstituted thiacalixarene derivatives. [20] Scheme 2.
It was determined that the increase of excess of potassium thioacetate in the reaction mixture does not influence the yield of most products. When compound 1а is used, fourfold excess of potassium thioacetate leads to the cleavage of two substituents on the lower rim of thiacalixarene and the mixture of dealkylation products is formed. Among them trisubstituted thiacalix [4] monocrown-3 3 in cone stereoisomeric form with one acetyl group was isolated with 16 % yield (Scheme 3).
Scheme 3
With an aim to establish structure of this macrocycle, a series of NMR experiments was performed. In 1D DPFGNOE spectrum (Figure 1 ), both interaction of aromatic groups with tert-butyl fragments (3 and 3' with 4b, 13 with 14b and 9 with 10b) and each other (3 with 13 and 3' with 9) and interaction of crown-ether fragments, 5 and 6, with acetyl fragment 16 and hydroxyl group were observed. From the other side, interaction of crown-ether fragments with aromatic or tert-butyl groups, which is intrinsic for 1,3-alternate stereoisomeric form, was not observed. Assuming the multiplicity of aromatic and tert-butyl groups in calixarene scaffold, this method allows the assignment of cone stereoisomeric form for the product obtained. The second problem, which relates to the structure of acetate 3, concerns the nature of heteroatom between aromatic ring and acetyl group (O or S). GIAO DFT calculation of 13 C chemical shifts of closely located carbon atoms (11i, 15i, and 16) was done (Table 1 ). It was found that calculated chemical shifts of above-mentioned carbon atoms are close to experimental values for acetate substituent and this proves that benzene ring in calixarene molecule is linked to oxygen atom. Additional evidence of hydrolytic instability of compound 2a in basic media came from the investigation of hydrazinolysis. Reaction of 2a with hydrazine hydrate gave hydrolysis product -earlier unknown thiacalix [4] monocrown-3 4 in cone conformation with the yield of 87 %. It is important that thiacalixcrown-3 4 cannot be obtained directly from thiacalix [4] arene by the reaction with diethylene glycol derivatives (bromides, tosylates), because the formation of 1,2-crosslinked product or bisthiacalixarene is more preferable. [21] In the case of 3-thioacetopropoxythiacalix[4] monocrown-3 2b corresponding bis-thiol 5 was synthesized [9] with high yield (96 %) (Scheme 4). 
New Thiacalixcrown Derivatives
The amphiphilic properties of the synthesized macrocycle 2f in 1,3-alternate conformation were studied using Langmuir balance technique. The compression isotherm show that the calixarene 2f forms stable and rigid (β = 2.0⋅10
-17 N/m 3 ) Langmuir monolayers on water-air interface with the molecular area of 1.15 nm -1 ) for calix [4] arene's monolayers with perpendicular orientation of macrocycle relative to waterair interface [22] and experimental determined values 1.05, [23] 1.30 [24] and 1.11 [25] nm 2 ⋅molecule -1 . The prepared monolayers of compound 2f on water-air interface were transferred to gold substrate by LangmuirSchaefer technique. In order to estimate the changes of surface energy during film formation on gold, contact angle measurement of water droplets was performed. The measured data are summarized in Table 2 .
The consistent increase of transferred monolayers of 2f (from 1 to 5) leads to the gradual changes of surface hydrophobicity. As anticipated, the thiacalixarene deposition on gold increases the surface hydrophobicity; contact angle grows from 75.4
o to 84 o . On the other hand, more significant changes occur at the transfer of initial monolayer. Subsequent transfers do not practically affect the wettability of modified surface. This can be related by the formation of continuous film on the gold at the transfer of the first monolayer. The hydrophobicity of the films that were obtained in the presence of cytochrome c and catalase in subphase differs significantly from those previously discussed. Incorporation of biomolecules into film decreases surface hydrophobicity, particularly, in the case of catalase. So, we can state that rather huge biomolecule such as cytochrome c and catalase can be immobilized onto films formed by thiacalixarene 2f on the gold surface.
Additional evidences of continuous film formation with immobilized biomolecules were obtained by AFM visualization method. AFM images are given in Figure 3a -d. It is important to note that morphology of initial and modified gold surface doesn't significantly change. The films formed by calixcrown 2f with cytochrome c and catalase (Figure 3b,c) practically repeat of substrate surface (Figure 3a) , although the cross-section sizes of humps increase up to 100 nm (~50 nm for gold). It presumably confirms the strong interaction of calixarene derivatives 2 with gold. To prove the continu- ous film formation, the scratch-and-scan method was used. It comprises the removal of a small part of the film and subsequent imaging of the surface with a scanning-probe AFM (Figure 3d ). Analysis of the particle height distributions (Figure 3e ) has shown that surface roughness strongly depends on the nature of immobilized molecules. Deposition of thiacalixcrown 2f with small protein -cytochrome c (~12 kDa), slightly decreases the roughness of gold surface up to ~ 20 nm. This fact may be caused by more effective filling of surface irregularities with cytochrome c. But the incorporation of huge biomolecule -catalase (~250 kDa), into the film leads to the substantial growth of the roughness of surface (~120 nm).
Conclusions
New type of ligands on the basis of thiacalix [4] arene platform in 1,3-alternate conformation was designed for the functionalization of gold planar surface. It contains crown-ether fragment for the binding of positively charged parts of biomolecules, on one side of macrocycle, and anchoring thioacetate groups for the immobilization on a solid substrate, on other side. Contact angle measurements and AFM visualization provide evidence of the formation of continuous film with immobilized biomolecules on the gold surface.
